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Hydroxylation  of  cis-cyclooctene  vith  perforidc  acid, 

m 

and  hydrolysis  or  solvolysis  vith  formic  acid  of  cis-cyclooctene  oxide, 
have  been  found  to  yield  1,4-cyclooctanediol  in  larger  amount  than 
the  expected  product,  trans-l,2-cyciooctanediolr  The  structure  of 

K * 

1,4-cydooctanediol  was  established  by  conversion  to  cyclooctane 
through  Udu  uiaoofcate  and  cycioocia&iene,  and  by  Oppenauer  oxidation 
to  1,4-cyclooctanedione,  -which  by  an  intramolecular  el  del  condensation 
formed  the  known  ketone,  bicyclo[3-3-0]-l(5)-oct»m-2-cne.  The 
molecular  rearrangement  resulting  in  formation  of  ths  1,4 -glycol  is 


■?. 


interpreted  as  a chemical  "transaanular  affect”  vhiek  psmits  participa- 
tion in  the  flolvolysie  of  tho  epoxide  v>y  & csrb on  -hydro gaa  bojyi  that  1b 

Bterically  adjacent  because  of  its  location  across  the  compact  alght- 
rsMsbered  ring. 

£ii  4.,2-Cyclooctanediol  and  the  a ight -cumbered  cyclic 
acylcin  aubercin  have  been  prepared  aad  characterised. 


Before  cyclooctene  froca  the  partial  hydrogenation  cf 

w 4 

cyclooctatetr&en©  was  available  ae  an  isteraedicte  for  the  synthesis  of 

(h)  V.  Reppe,  0.  Schlichting,  K.  Klagar  and.  T.  Toe  pel,  Ann.,  560, 

.1  (19W). 

* 5 

other  eight -aembered  ring  compounds  such  as  1,3-cyclooctadiena,  an 

(5)  A.  C.  Cope  and  L.  L.  EsteB,  Jr.,  This  Journal,  J2,  1128  (1950). 

invaotigaticn  of  the  preparation  of  1,2-cyclooctaaediols  (and  1,3-cyclo- 

. n 

octadlene)  from  the  cyclic  acylcin  auberoin  vaa  undertaken.  When  cyclooctene 

n 

became  available,  it  vaa  converted  into  cia-  and  trans-l,2-cyclooctanediolB. 
This  phase  cf  the  vork  led  to  discovery  of  an  unusual  rearrangement  that 

ST 

occurs  during  the  solvolysls  cf  cyclooctene  oxid*. 

The  acyloln  condensation  of  dimethyl  sruberate,  under 

conditions  similar  to  those  used  for  the  preparation  of  other  ssacrosycllc 

6 

sicylaJna,  tormsd  euberoin  in  3T£  yield  as  a colorless,  1ov-j  ulting  solid. 
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(6)  J.  L.  Hanaley,  U.  8,  Patent  2,228 ,268  (Jan.  14,  1941) j C.A.,  22 , 
2531*  V.  Prelog,  L.  Frankiel,  M.  Kobft.lt  c.rA  F„  Bas^naa, 

Helvpfcfes’Si  Chimie®  Acta,  jJO , l?4l  (l^^  M.  Stoll  and  J. 

Hulstkaap,  ibid,,  £0,  1815  (l?47)j  M.  StcH  and  A.  Rouv4r 
lbidr;  20,  1 822  (1®7). 

Hydrogenation  of  auberoin  in  the  prone  nee  of  Raney  nickel  yielded  a mixture 
of  glycols,  from  vfcich  cig-l,£-cyclooctanediol  vaa  separated  by 
crystallisation  as  leaflets  melting  at  77.5-79° • Chromatography  on 
alumina  of  the  material  remaining  in  the  mother  liquors  yielded  t runs -1,2- 

PI 

cyclooctanodtol  as  a viscous  liquid  that  vaa  characterised  as  the 
crystalline  bia-phenylurethan.  Both  the  cia-  and  trams -1,2 -glycol a ware 

n 

obtained  more  easily  from  cyclooctene , 

m 

Oxidation  of  cyclooctene  vith  potassium  permanganate, 
hydrogen  peroxide  and  osmium  tetroxide,  and  aqueous  sodium  chlorate  and 

II 

osmium  tetroxide  formed  crystalline  cle-l,2-cyclooctancdiol  in  yields  of  7.7, 
11.4  and  30^,  respectively.  The  cia  configuration  is  assigned  to  the 
product  because  these  methods  of  oxidation  are  knovn  to  form  cia-glyccls. 

n 

cla-l,2-Cyclooctanedlol  vas  converted  into  g solid  bis -phenyl  urethaa  with 
phenyl  isocyanate,  and  a liquid  iacprcpyli&ene  derivative  vith  acetone  in 
the  presence  of  anhydrous  copper  sulfate.  Evidence  for  its  structure  vas 
obtained  by  rapid  quantitative  reaction  vith  periodic  acid  at  roan  tem- 
perature, and  by  oxidation  vith  alkaline  permanganate  forming  suberic  acid. 

n 7 

The  hydroxylation  of  cycloocterv*.-  vith  perforate  acid 

(Y)  D.  txsxnt  Ghcrn.  Rev.,  4jj,  1 (194?) , lists  the  ease  a in  vblch 
olefine  h^ve  been  converted,  into  elycols  vith  this  rosgent. 


M 

was  expected  tc  foim  trane-l  ,2-cyclc-octaasdlol . However,  after  alkaline 

hydrolysis  of  the  monof ornate,  extraction  and.  diet  illation  yielded  a 

mixture  of  products  (71 -5^  calculated  as  cyclocctaaediole)  instead  of 

the  pure  trmm -1,2 -glycol.  Crystallisation  of  the  mixture  vsb  difficult, 

n 

but  it  proved  to  be  possible  to  aeparats  traas-l,2-cyclooctanediol  ae  the 

Q 

Isopropylidene  derivative,  formed  by  treating  the  mixture  vith  acetone 

(6)  Both  cie-  end  traa* -1 , 2 -cyclohept anedlols  are  known  to 
form  isopropylidene  derivatives i J.  Boeasken  and  H.  Derx, 

Rec.  trav.  chim.,  4o,  529  (l?21)j  H.  Derx,  ibid.,  41,  312 

(1922). 

and  anhydrous  copper  sulfate.  Subsequent  distillation  separated  the 

ft 

more  volatile  iscprorpyl idene  derivative  (3 Oft  or  21. 5^  based  on  cyclooetene) 
from  a leas  volatile  residue  (described  below) . Acid  hydrolysis  of  the 
isopropylidene  derivative,  or  treatment  with  formic  acid  followed  by 
basic  hydrolysis  of  the  formate,  yielded  trane -1 , 2 -cyclooctanediol  as  a 
viscous  liquid  that  was  characterised  as  the  crystalline  bis -phenylurethan 
(identical  with  the  derivative  of  the  trens -1,2 -glycol  prepared  from 
auberoin)  and  di-jj-toluena sulfonate,  trans -1,2 -Cyclooctanediol,  like 
the  cie  isomer,  reacted  rapidly  and  quantitatively  vith  periodic  acid 
at  room  temperature,  and  formed  suberic  acid  on  oxidation  with  alkaline 

TVtrmAii  omnxt: « „ 

The  residue  remaining  after  distilling  the  isopropylidene 

derivative  of  trans -1 , 2 ^cyclooctangdiol  from  the  mixture  was  crystallised 
from  ethyl  acetate,  and  yielded  >5$  {25.7^  based  on  cyclooetene)  of  an 
isomeric  glycol  (I)  that  crystallised  as  fin®  needles,  m.p.  85-86.5*.  This 
glycol  failed  to  react  Tfith  periodic  acid,  shoving  th&t  it 

probably  uao  not  a J ,2 -glycol.  Oxidation  with  equuous  ooiilua 


pormangtaate  yielded  a mixture  containing  oxnlic  acid  S4i&  adipic  acid, 

indicating  a chain  of  at  least  bLx  carbon  atoms  separating  the  alcoholic 
hydroxyl  groups.  The  bis  - phenyl ure than  and  di -^-toluene  sulfonate  were 
prepared  from  I as  solid  derivatives.  Evidence  concerning  the  carbon 
skeleton  of  I vas  obtained  by  converting  the  glycol  to  the  diacetate, 
vhich  vas  pyrolyzed  at  500"  and  forced  a fixture  of  cyclwCtadieMB  that 

ff 

was  reduced  quantitatively  to  cyclooctane.  Excluding  the  unlikely 

M 

possibility  that  ring  contraction  during  hydroxyiation  of  cycloocteae 
night  be  followed  by  ring  expansion  in  pyrolysis  of  the  diacetate,  this 

n 

evidence  is  sufficient  to  establish  the  structure  of  I as  a cyclooctane - 
diol  other  than  the  cis-cr  trang-l,2-dlol. 

Evidence  concerning  the  orientation  of  the  hydroxyl 
group e was  obtained  by  oxidation  of  I by  the  Oppenauer  method,  which 
formed  a dikatone  II  that  failed  to  give  a ferric  chloride  enol  test 

n 

(expected  tc  be  positive  for  1,3-cyclooctanedione) . On  treatment  with 
dilute-  sodium  hydroxide  followed  by  hydrochloric  acid,  or  directly  with 
concentrated  sulfuric  acid,  the  diketone  II  'underwent  an  intramolecular 
aldol  condensation  and  formed  the  known  unsaturated  ketone,  bicyclo 

l5-3.0]-1(5) -octen-2-cne  (III),  vhich  vas  isolated  as  the  semicorb^zone . 

» 

Accordingly  the  dikotene  II  is  1,4-cyclooctanedione,  and  the  glycol  from 
vhich  it  la  formed  is  cis-or  trana -l,h-cyclooctnrodioi  ( I ) . 
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Since  the  formation  of  a l,1* -glycol  hy  hydroxylation  of 
an  olefin  with  perforate  acid  appsared  to  be  without  precedent, 

evidence  vas  sought  concerning  the  rtep  in  the  process  In  which  re- 

■ ** 
arrangement  occurred.  Cyclooctaua  oxide  vas  prepared  from  cyclooctene 

and  peracetic  acid,  and  purified  by  distillation  and  sublimation;  m.p. 

56-57*.  fractional  distillation  and  chromatography  on  both  alumina 

and  setiviated  carbon,  followed  by  fractional  elution  with  solvents, 

failed  to  separate  fractions  with  significantly  different  malting 

point  a or  infrared  spectra,  indicating  that  the  opoxide  vas  homogeneous- 


n,-,  i ~ — a v-.. 
U jr  U -4.  L *3  i 


* - L 

w Mj 


r-drogcantcd  to  cyclccttnaol  in  3 y£  yield  in 


the  presence  of  Raney  nickel  at  125'".  This  normal  behavior  on  reduction 
provides  evidence  that  the  oxide  is  a normal  1, 2-epoxide,  The 
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scavciysis  or  cyclooctene  oxide  with  fos-iaic  acid,  ioilovea  by  cmpcnifiee.- 

tion  of  the  resulting  formates,  or  hydrolysis  of  the  oxide  with  dilute 

hydrochloric  acid,  formed  a mixture  of  glycols  similar  to  the  mixture 

„ " 
formed  from  cyclooctczsis  and  performic  ocldL ■ tr sus  —1 , 2 ^Cyclccst tcsdi ol 

was  separated  from  the  mixture  as  the  iaopropylideca  acetal,  after 

vhich  1,4-cyclooctanediol  (I)  vp.8  isolated  from  the  residue  by 

crystallization  from  ethyl  acetate  in  3C$  yield.  Accordingly  the 

fl 

step  in  vhich  rearrangement  occurs  in  the  conversion  cf  cyclooctene  to 
1,4-cyclooctanediol  is  the  solvoly3is  of  the  epoxide. 


(10)  Hydrolysis  of  c is -cyclooctene  oxide  to  a liquid  glycol 

presumed  to  be  the  trams  -1 ,2-isoaar  h&a  been  reported  by 
K.  Ziegler  and  H.  Wilms,  Ann.,  367,  1 (1950),  and  M. 
Godchot  and  G.  Cauquil,  Compt.  rend.,  1^2,  9^3  (1931) , 
who  report  m.p.  182-183*  and  166-167*,  respectively,  for 
the  bis -phenyluret han . we  have  observed  m.p.  176.2-177.4° 
for  t- raas -1 , 2 -cyclooct  anedlol  bla-phenylurethan,  and  m.p. 
186-167V5*  for  1,4-cyclooctanediol  b 1 a -phenyluret han . 
Sither  of  theae  derivatives  or  a mixture  of  them  might 
have  been  isolated  in  the  earlier  vork,  if  the  glycol  was 
a mixture  of  iBomers  similar  to  the  one  that  ve  obtained. 


A tentative  interpretation  of  the  abnormal  solvolysis  of 
cyclooctene  oxide  is  based  on  a hitherto  unobserved  chemical 
“tranaonnular  effect”  for  vhich  the  proximity  of  atone  lying  across 
an  eight -cembe red  ring  may  be  responsible.  In  other  voids,  hydrogen 
atoras  that  arc  eterically  adjacent  to  the  oxide  ring  may  participate 
in  the  displacement-  reaction  in  a kind,  of  neighboring  group  offset  for 
vhich  the  conformation  of  the  ring  io  responsible.  According  to  this 


int q rp >s t a t- ion,  the  1, ^-glycol  \?oul&  bo  foraed  by  a 1 , 5 “hydride  ohifb 
in  the  protonated  epoxide,  presumably  occurring  slmiltapeoualy  vith 
the  attack  by  the  solvent  at  the  positively  charged  carbon  in  the 
k-poaition,  as  forraiinted  sehessticaliy  bolov,  Somal  displacement 
at  C2  vith  Walden  inversion  vould  account  for  formation  of  the  trans- 
1,2-glycol,  Steric  hindrance  provided  by  the  ring  to  approach  of 
Ca  by  the  solvent  night  retard  this  "normal"  displace  cent,  allowing 
tine  for  "abnormal"  displacement  at  C4. 


0 


>-  H + I (as  raonofonnate) 


A oore  exact  interpretation  must  await  determination  of 
the  configuration  of  I (cis  or  trass) , and  examination  of  the  eolvolyais 

it 

products  wf  cyoloyolviie  v -side  that  have  not  bean  purified  or  identified 
of -the-  total  prodart-)-,  and  may  contain  products  other  tboi\ 
the  trans-1,2  and  l,h-glycolo.  Tbs  aclvolysis  of  epoxides  of  other 


°9“ 


olefins  also  will  b a examined  to  dstsmin©  Mother  glycols  other  than 

11 

tho  axpoctsd  i}2°glyeoXe  are  fosrasd. 


(11)  The  feet  that  1,4-cydooctenediol  is  formed  on 

hydroxyiation  of  cyelocctene  has  been  cosBsmicated  to 
Professor  V.  Prelog,  who  has  confirmed  and  extended  this 
observation  of  a chemical  "traasaosular  effect”  by  studies 
of  the  faydroxyl&tioa  of  cydodecene,  to  be  published  soon 
in  Helvetica  Chisel c a Acta. 


12 

Experimental 


(12)  Melting  points  are  corrected  and  boiling  points  art 
uncorrected.  We  are  indebted  to  Dr.  8.  M.  Itagy  and 
his  associates  for  analyses. 


Suberoin.  - A 2-1.  three-necked  flask  was  equipped 

with  a mercury-sealed  Herahberg  stirrer  and  a simple  high  dilution 
13 

apparatus,  to  which  was  attached  a reflux  condenser  and  a Herahberg 

(13)  A.  C.  Cope  and  S.  C.  Herrick,  This  Journal,  J2,  905  (1930)* 

dropping  funnel.  Sodium  (46  g.,  2 g.  atoms)  was  powdered  by  stirring 

under  1 1.  of  refluxing  xylene,  and  a solution  of  101  g.  (0.5  mole)  of 

28 

dimethyl  subcrate  (b.p.  111=112.5°  st  2.3  ca. , n^  1.4305)  in  80  ml. 

of  xylene  van  added  through  the  dilution  apparatus  over  a period  of  8 

i4 

hours  in  an  atmosphere  of  dry  nitrogen,  with  stirring  and  refluxing 

(14)  Tho  flack  was  heated  with  an  oil  bath.  An  electric 
heating  mantel  caused  charring  of  the  gelatinous  oodium 
adt  that  separated  as  tho  reaction  progressed. 


-10- 


durirtg  that  period  a sd  for  2 houys  longer,  fh©  mixture  ms  allowed 
to  stand  overnight,  sad  then  was  cooled  with  an  ice  bath.  Absolut© 
ethanol  (30  ml.)  was  added  to  destroy  any  regaining  sodium, followed 
by  a solution  of  120  g.  (2  melee)  of  glacial  acetic  acid  in  BOO  ml. 
of  dry  ether,  added  slowly  with  stirring  to  neutralise  the  mixture. 

The  nitrogen  atmosphere  was  maintained  to  this  point.  Sodium  acetate 
was  separated  by  filtration  and  washed  well  with  ether,  and  the 
filtrate  vae  concentrated  under  reduced  pressure  in  a nitrogen 
atmosphere.  The  residue  was  distilled  from  a Hickman  molecular- 
type  pot  still  at  60-135*  (0.5  ma.),  and  the  distillate  was 
fractionated  through  a 15  * 1-cm.  Vlgreux  column  under  nitrogen, 
yielding  26  g.  (37^)  of  suberoin,  b.p.  66-71*  (1.3  as.).  The 
nearly  colorless  product  crystallised,  and  was  purified  by  redistillation 
end  crystallisation  from  a mixture  of  ether  and  pentane j b.p.  64* 

(0.3  am.),  m.p.  37-38.5*. 

Anal.  Calcd.  for  C^HnO®:  C,  67.581  H,  9.92.  found: 

C,  66.58 j H,  9.95. 

^ * 

Preparation  of  cis  end  trass -1,2-Cyclooctanedlols  from 
Suberoin.  A solution  of  3*44  g.  of  suberoin  in  75  si.  of  methanol  was 

shaken  with  hydrogen  at  roan  temperature  and  atmospheric  pressure  in 

15 

the  presence  of  2.5  %,  of  w-7  Raney  nickel  catalyst „ After  30  minutes, 
(15)  H.  Adkins  and  H.  ft*  Bill  lea,  This  Journal,  JO,  695  (1948). 


95*3$  of  ona  solar  8<jui  valent  of  hydrogen  bad  boon  absorbed  end  the 
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reduction  stopped.  The  catalyst  was  separated  by  filtration,  and  the 
filtrate  vas  concentrated  under  reduced  pressure.  The  residue 
(3.43  g.)  vas  a viscous  liquid  that  partially  crystallized.  Several 
crystallisations  of  a sample  (0.97  g.)  fraa  ethyl  acetate  yielded 

K 

0.37  g.  of  cis -1,2 -cyclooctanediol  as  white  leaflets,  m.p.  77.5-79% 
and  0.6o  g.  of  a sirup,  a solution  of  the  sirup  in  10  ml.  of 
chloroform -carbon  tetrachloride  (2:1  by  volume)  vas  placed  on  a 13.5 
x 1.5-cn.  column  of  48-100  mesh  activated  alumina,  and  the  column 
vas  eluted  with  2 00 -ml.  portions  of  the  following  solvents,  from 
which  the  indicated  weights  of  liquid  residues  vert  obtained:  (l) 

chloroform-carbon  tetrachloride  (2:1),  0.06  g.,  (2)  chloroform,  0.19  g.f 
(3)  chloroform-methanol  {9:'),  0.J4  g.  Fractions  2 and  3 vere  treated 
vith  pheny).  isocyanate,  and  both  yielded  the  bis -phenyl urethan  of 
traps -1 , 2 -cyclooctanediol , m.p.  176.5-178.5*  after  crystallization 
from  ethanol.  The  derivative  gave  no  depression  in  mixed  melting 
point  vith  the  bis -phenyl urethan  of  trana  -1,2  -cyclooctanediol  prepared 
from  cyclooctene  (described  below) , while  a mixed  melting  point  with  the 
bis  -phenyl -uxethan  of  els -1,2 -cyclooctanediol  (also  described  below) 
vas  depressed  to  154-172° . 

m 

cls-1 ,2-Cyclcoctanediol.  - (a)  A solution  of  11.0  g.  of 
n 25 

cyclooctene  (^'  1.4681,  prepared  by  partial  hydrogenation  of  cyclc- 
octatetraane^’^)  in  50  ml.  of  acetone  vas  cooled  to  -20%  and  a solution 
of  15.8  g.  of  potassium  permanganate  in  1.5  1.  of  acetone  vas  added 
slowly  with  stirring  at  =20  tc  0°  over  a period  of  12  hours,  at  a rate 
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at  pomasgaasto  did  not  aeeusjulatG  la  tho  solution,  The 

magaaoee  dioxide  ms  s’G&ucod  by  cMition  of  saturated  aqueous  ccdiua 
bisulfite  vith  stirring,  sad  most  of  the  acetona  ^oa  ^aaov^d  by  &is- 

t Illation . Tha  residue  vaa  poured  into  1500  ml.  of  vater,  and  t he  solu- 
tion van  aB&a  alkaline  vith  sodium  carbonate  and  extracted  vith  six 
100-mi.  portions  of  ether.  The  ether  solution  me  dried  over  mstgaaeiura 

ft 

sulfate  and  distilled,  and  yieldad  5.0  g.  (45$)  of  recovered  cyclooctes9. 
A short  path  distillation  of  the  residue  at  1 as.  yielded  0.96  g.  of 
ciB-lj2-cyclooctapedlol.  The  aqueous  alkaline  solution  was  acidified 
and  extracted  vith  eight  100 -ml.  portions  of  ether.  Short  path  dis- 
tillation of  the  residue  obtained  by  concentrating  the  extracts  yielded 
an  additional  0.l6  g.  of  the  cla-l,2-dlol,  making  the  total  yield  1.12  g, 
(7.7#)j  after  reeryataHisatioa  from  ethyl  acetate  the  cis -1,2 -cycle - 
octanediol  melted  at  76-79*  • RecrystaJLXi  ration  free  water  of  the  dark 
solid  residue  remaining  after  the  saeosd  short  path  distillation 
yielded  1.84  g.  (10.6$)  of  suberic  acid. 

16 

(b)  Using  the  method  described  by  Silas  and  Oussnsn  for 

(16)  h,  A.  HUas  and  8.  Sussaan,  This  Journal,  5g,  2547  (1957). 

Xa  & model  experiment  cio-l,2-cyclohexanedioi  vaa  obtained 
fresa  eyclohosene  in  5l^Tyield  under  tha&e  conditions. 

ft 

the  preparation  of  cis -1 , g-cyelohexsasdiol , 15.I  g.  of  eyclooctena  «sb 

added  to  100  si.  of  t -butyl  alcohol  containing  5.1  g.  (0.15  cols)  of 

/ 

hydrogen  psroxi da  end  cooled  to  -5°/  Osmiwa  tetraxids  (5  ml.  of  a 

0.5 $ solution  In  t -butyl  alcohol)  ven  added,  sad  the  solution  von  ollaucd 


The  product,  isolated  by  the  pro- 


to stand  for  42  hours  at  0 to  5°. 
cedure  described  above,  amounted  tc  2.24  g.  (11,4$)  of  ci8°l,2- 

n 

cyclooctanediol  and  0.7b  g.  of  suberic  acid.  An  analytical  sample  of 

n 

ciB -1,2 -cyclooctanediol  vas  prepared  by  recrystallization  from  ethyl 
acetate;  ta.p.  77.5-79°. 

Anal.  Calcd.  for  C&HxeOa:  C,  66.62;  H,  11.15.  pound: 

C,  66.51;  H,  11.04. 

(c)  A mixture  of  11.0  g.  of  cyclcoctene,  7.6  g.  of 

sodium  chlorate,  5 ml.  of  acetic  acid,  50  ml.  of  water,  100  ml.  of 

dioxame  and  p ml.  of  1$  osmium  tetroxide  in  t -butyl  alcohol  was 

17 

heated  under  reflux  for  72  hours.  The  solution  was  concentrated 

(17)  A hydroxylation  procedure  similar  to  one  used  for 

hydroxylat ion  of  maleic  and  fumeric  acid  by  M.  Zelikoff 
and  H.  A.  Taylor,  This  Journal,  72,  5039  (1950). 

under  reduced  pressure,  and  the  residue  was  distilled  in  a short 
path  still.  A low  boiling  fraction  of  1.3  g.  distilling  at  a block 
temperature  of  80-100°  (0.3  cm.)  was  separated,  followed  by  8.6  g. 
of  crude  cis -1,2 -cyclooctanediol,  collected  at  120=150°  (0.3  mm.). 
Recrystallization  from  ethyl  acetate  yielded  4.3  g.  (30$)  of  cis -1,2= 
cyclooctanediol,  m.p.  75.3-7o°. 

n 

cis -1,2 -Cyclooctanediol  was  characterized  by  oxidation 
with  alkaline  permanganate  tc  suberic  acid,  by  rapid  oxidation  with 
periodic  acid  at  25®,  which  proceeded  to  the  extent  of  9^.2$  within 


30  ninute®,  and  by  preparation  of  the  following  derivatives. 

r? 

j2“Cyclooctanediol  bis -Phenylurethan  sf&b  prepared 

by  -resting  the  c is -glycol  with  phenyl  isocyanate  without  solvent  for  44 
hours  at  room  temperature.  The  crude  product  was  washed  with  hexane 
and  recry stall lied  from  ethanol j m.p.  175.5-176.8*. 

Anal.  Calcd.  for  CgaHaeNgO*:  C,  69.0$j  H,  6.85. 

Found:  C,  69. 2k t H,  6.3?. 

n 

els -1 , 2 -C yclooc tanedi ol  Isopropylidene  Ketal  was  prepared 

bv  shaking  a solution  of  1.44  g.  of  the  els -glycol  in  25  ml.  of  dry 

acetone  with  5.0  g.  of  anhydrous  copper  sulfate  at  room  temperature  for 
19 

43  hours.  The  mixture  was  filtered,  concentrated,  and  the  residue 

(18)  Based  on  a procedure  for  preparing  isopropylidene  da ri vo- 
tive s of  1,2-glycols  described  by  C.  Niemann  and  C.  D.  Wagner, 
J.  Qrg.  Chem.,  J,  230  (1942). 

19 

was  distilled  through  a semimicro  column.  The  yield  of  cis-l,2-cyclo- 

(19)  C.  V.  Gould,  Jr.,  G.  Coleman  and  C.  Niemann,  Anal.  Cham., 

20,  361  (1948). 

octane^diol  isopropylidene  ketal  was  1.23  g.  {&!$)»  b.p.  97-98°  (IOeeu), 
njj  1.46oo. 

Anal.  Calcd.  for  CnEaoOg:  0,  71.69*  H,  10.94. 

Found:  C,  71.52$  E,  10.97. 

n 

Porformie  Acid  Oxidation  of  CyclooctGns.  - A procedure 

20 

described  for  the  oxidation  of  cyclchexens  to  trims -1,2 -cyclohexana&lol 


(20)  A.  Roebuck  end  H.  Adkins,  Qrg.  Syntheses,  28,  35  (1948). 
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tfas  used,  except  that  the  product  (after  basic  hydrolysiB  of  the  mono- 
foraate)  vaa  extracted  with  four  100 -ml.  and  three  50-ml.  portions  of 
chloroform.  The  product  obtained  from  55.2  g.  of  cycioocteoe , 60  ml. 

of  commercial  35$  hydrogen  peroxide  and  300  al.  of  8 fit  formic  acid 
was  distilled  without  any  attempt  at  fractionation  and  amounted  to 
51.5  g.  (corresponding  to  71.5$  of  cyclooct&nediols)  of  a very 
viscous  liquid,  b.p.  97-125°  (0.2-0. 5 mm.). 

t rang -l,£-Cyclcoct aped! ol  Xsopropylidene  Ketal  waB  prepared 
by  shaking  a solution  of  28.4  g.  of  the  above  mixture  in  300  ml.  of 
dry  acetone  vith  30  g.  of  anhydrous  copper  sulfate  at  room  temperature 
for  22  hours.  The  mixture  was  filtered,  the  filtrate  was  concentrated, 
and  the  residua  was  distilled  through  a semimicro  column,  yielding  11.0  g. 
(30$  from  the  crude  mixture  of  glycols)  of  trans-l,2-cyclooctanediol  iso- 
propyl idene  ketal,  b.p.  66.5-67°  (1,3  mu),  njp  I.4583. 

Anal.  Calcd.  for  CnHaoOgs  C,  71. 69 1 H,  10.94. 

Found;  C,  71.44;  H,  10.68. 

1,4-Cyclooctansdiol  was  isolated  from  the  distillation 
residue,  which  was  dissolved  in  25  ml.  of  ethyl  acetate  and  cooled  to 
0° . The  colorless,  crystalline  l,4«diol  that  separated  was  recrystaHieed 
from  ethyl  acetate  and  obtained  in  a yield  of  10.5  g.  (36$  from  the  crude 
mixture  of  glycols)  as  fins  needles,  m.p.  85-86.5®;  mixed  melting  point 
with  cis-l,2-eyclouctanediol,  55-65'.  Evidence  for  the  structure  of  the 


1,4-diol  iB  presented  below. 
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Aa&l.  Cele-d.  for  CgHio^j  C,  66,62*  H,  11.18,  ?e«M! 

C,  66,72*  H,  n.n. 

c?  the  crude  mixture 

A semisolid  mixture  (8  g.  or  20£/c*iiculate&  as  C^gOa) 
obtained  by  concent  rat  ion.  of  the  ethyl  acetate  mother  liquors  and 
short  path  distillation  of  the  rasidus  at  0.35  ob.  vith  a heating 
block  temperature  of  100-133° , is  being  osssined  further  to  datoraine 

B 

whether  it  contains  other  isomeric  cyelooctanediols. 

n 

tran£-l,2-Cyclooctaasdiol  vas  obtained  by  heating  a 

2.0  g.  sample  of  the  isopropyl  ids  ns  ket&l  vith  10  ml.  of  85^  formic 
acid  for  2 hours  at  100* , concentrating  the  solution,  and  shaking  the 
residue  vith  15  ml.  of  2cjt  aqueous  sodium  hydroxide  for  30  minutes. 

The  product  vaa  extracted  vith  25  ml.  of  chloroform,  and  the  extract 
was  dried  over  magnesium  sulfate.  The  solution  vas  concentrated  and 
the  residue  vae  distilled  through  a semiaicro  column,  yielding  1.^-  g. 
(8#)  of  trans-l,2-cyclooctanediol  as  a viscous,  colorless  liquid 
that  failed  to  crystallise*  b.p„  93°^*  (0.5  asa.),  ajj  1.1*980. 

Anal.  Ceded,  for  CaS^Oa*.  C,  66.62*  H,  U.l8. 

Found:  C,  66.90*  E,  11. 55* 

Hydrolysis  of  a 5.7  g.  sample  of  the  isopropylidens  ketal 
by  heating  under  reflux  for  four  hours  vith  100  ml.  of  vster  containing 
a fev  drops  of  hydrochloric  acid  v&e  incomplete*  2,7  g.  of  the  ketal 
steam  distilled  on  concentrating  the  solution  and  vas  recovered  from 

e 

the  distillate,  trana -1 , 2 -Cycloostanedlol  (1.7  g.)  vns  extracted  from 
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ths  aqueous  s^sidus  trith  chloroform  and  distilled  as  described  above. 

B 

Another  sample  of  traaa  °1 , 2 -cyclooc tangdlol  with  tho  com 3 physical 
properties  was  obtained  by  saponification  of  0,56  g>  of  the  bis -phenyl  ■'■ 
ureth&n  (described  below)  by  heating  under  reflux  vith  25  ml.  of 
20$  alcoholic  potassium,  hydroxide  for  25  hours. 

trsas-l^-Cyclooctanadiol  was  characterised  by  oxidation 
to  suberic  acid  with  alkaline  permanganate,  oxidation  with  periodic 
acid  at  25°,  which  was  complete  within  20  minutes  with  reduction  of 
99*9$  of  the  calculated  quantity  of  the  oxidising  agent,  and  by 
preparation  of  the  bis-phenylurethan. 

B 

traas  -1 , 2 -Cyc  1 occtane&l ol  bis-Phenylurethaa  was  prepared 

by  warming  the  trana-1 ,2-dlol  briefly  with  phenyl  isocyanate  and 
allowing  the  mixture  to  stand  overnight . The  crude  solid  product 
was  washed  with  hexane  and  recxyotallized  from  ethanol 3 m.p.  176.2- 

n 

177 and  mixed  m.p.  vith  cis -1 , 2 -cyclooctanediol  Ms-pheaylurettea, 

151-165° . 

Aaal,  Celed.  for  CasHaeSgO*:  C,  69.093  E,  6.85. 

Found:  C,  69.163  H,  7.12. 

■ L . 21 
Cyelooetena  Oxide.  ■=  Ccaaereial  peracetic  acid 

(21)  Obtained  from  the  Becco  Sales  Corporation,  Suff&lo,  Saw  York . 


(125  ml.),  to  which  25  g.  of  sodium  acetone  trihydrate  hed  be^n  eddM 
to  neutral  iso  the  sulfuric  acid  pro  sent , was  added  dropwie©  during 
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ft 

mioutes  vith  vigorous  stirring  to  55  g.  of  cyclooctene.  The  reaction 
to  ■ ;x»r-v.  ro  va a maintained  at  27-29“  vith  an  ice  hath.  The  mixture 
vas  cooled  to  Q“,  neutralised  vith  400  sodium  hydroxide,  and  ex- 
tracted vith  three  200 -ol.  portions  of  ether.  The  extracts  were 
dried  (jver  magnesium  sulfate,  concentrated,  and  the  residue  vas 
dl.jtil3.ed  through  a 20  x 1.8-cra.  column  packed  vith  glass  helices. 

The  yield  of  cyclooctene  oxide,  b.p.  90-93°  (3T  mm.),  m.p.  52.5- 

n 

y vaa  i>h.2  fc.  (3^)*  Cyclooctene  oxide  vas  purified  by  sub- 
liaation  under  reduced  pressure  as  needles  melting  at  56-57**  vith 
a very  cliaraet eristic  odor.  Homogenity  of  the  epoxide  was  established 
by  chromatography  on  alumina  and  on  activated  carbon  followed  by 
fractional  elution  with  pentane -ether,  and  also  by  fractional  dis- 
tillation. Comparison  of  the  melting  points  and  infrared  spectra  of 
the  various  fractions  shoved  no  significant  differences. 

■ 

Hydrogenation  of  a solution  of  5.0  g.  of  cyclooctene 
oxide  in  5 ml,  of  ethanol  at  125°  in  the  presence  of  0.5  g.  of  Haney 
nickel  at  1900-1500  p.s.i.  was  complete  in  1 hour,  and  yielded  4.24  g. 
(850)  of  cyclooctanol,  b.p.  92-93°  (12  mm.),  ^ 1.4842,  m.p, 
24.5-24.5®,  identified  by  its  infrared  spectrum  and  by  oxidation 

n 

to  cyclooctanone  vith  chromic  acid* 

r 

Solvolysis  of  Cyclooctens  Oxide  vith  yonaic  Acid.  « A 
m 

mixture  of  5.05  g.  of  cyclooctene  oxide  and  25  ml.  of  850  formic  acid 
vas  heated  under  reflux  for  50  minutes.  The  excess  formic  add  was  re- 


moved  unde?  reduced  pressure,  end  the  viscous  realdus  was  shaken 
with  50  ml.  of  100  sodium  hydroxide  for  1 hour.  I ho  product  was 
extracted  with  chloroform,  end  the  extract  was  dried  over  magnesium 

sulfate  and  concentrated.  The  residua  vaa  distilled  and  yielded 

a 

h.6  g.  of  a mixture  of  cyclooctanodiolo,  b.p.  120-130*  (0.l8  isa.), 
which  was  separated  by  the  procedure  described  above  for  the  mixture 

ft 

obtained  by  oxidation  of  cyciooctena  with  psrforaie  acid.  Tha 
yield  of  trans-l,2-cyclooctanadiol  isopropylldena  ketal  was  l.h2  g. 
(19$),  b.p.  6o-62°  (l.l  mm.),  n^  1.458b.  The  residue  remaining 
after  distillation  of  tha  ketal  was  crystallised  from  ethyl  acetate 
and  yielded  1.7  g<  (30£)  of  1,4-cyclooetanediol,  m.p.  8h.6-86.2°. 

Any  other  isomaric  cyclooctanediola  that  may  have  been  present  in 
the  crystallization  mother  liquors  were  not  isolated. 

tt 

The  same  products  were  formed  by  hydrolysis  of  cycXooctene 
oxide  with  boiling  1$  hydrochloric  acid,  and  were  isolated  in  the 
manner  described  above. 

H G 

Structure  of  I,h-Cyelooct&s8dlol.  - 1 , b -Cyclooctase&iol , 

m.p.  85-06.5°,  prepared  by  perforedc  acid  oxidation  of  cydoocteae 

n 

or  by  solvolyais  of  eyelooctena  oxide  with  formic  acid,  failed  to  react 
at  all  with  periodic  acid  during  2b  hours  under  cosditioae  that  re- 

s 

suited  in  quantitative  oxidation  of  cie-  and  tress -IjZ-eyelooetGns&iols 
in  20  to  30  minutes.  A solution  of  Q.72  g.  of  the  l,4=4iol  in  15  ml. 
of  water  was  oxidised  by  addition  of  2.0  g.  of  so&iua  psxssanfgaast©  iri<= 
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hydrate  as  e,  2$  aqueous  solution  uith  stirring  over  a period  of  ^5 
minutes  at  0-20® . The  q:£gqos  parmsagonsto  GE&  Eangasjoo  dioxide  tsar© 
reduced  with  sulfur  dioxide  at  0* , and  the  solution  was  acidified 
vi tli  hydrochloric  acid  and  extracted  continuously  vith  ether  for 
hours.  A mixtures  of  acids  (0.83  g.)  remained  as  & residue  after  dis- 
tillation of  tha  ether,  and  was  separated  into  two  fractions  by  sub- 
limation under  reduced  pressure:  (l)  oxalic  acid,  0.2  0 g. , m.p.  186-189° 

(dec.),  and  m.p.  and  mixed  m.p.  vith  oxalic  acid  hydrate  99-100° 
after  recrystallization  from  water/  (2)  edipic  acid,  reecryet&Hiaed 
from  water,  OAl  g.,  m.p.  and  mlced  m.p.  with  an  authentic  sample 
152-153*. 

H 

1,^-Cyclooctangdiol  bia  -Phenylurethaa  was  prepared  by 
vartaiug  the  1,4-diol  with  a slight  excess  of  phenyl  isocyanate  for  a 
short  tiro  and  allowing  the  mixture  to  stand  overnight.  The  solid 
product  was  washed  with  petroleum  ether  and  recrystallised  from  benzene 
and  from  ethanol/  m.p.  186-187.5*/  mixed  s.p.  with  els -1,2 -cyclooctane - 
diol  bis -phenylurothan , 15^-172° / mixed  m.p.  with  t rase -1,2 -cyelo- 
cctanadiol  Mfl-pheoylurathsn , 159-180° . 

Anal.  Calcd.  for  CgaSaeJIaO^:  C,  69.09/  B,  6.85;  sol. 

wt.,  >82 . Found:  C,  69. 01/  H,  7.11/  mol.  wt.,  35^  ( Hast 

method  la  camphor) . 


-21- 


1 , 4 -Cycloostansdiol  14  “jg-toluane  sulfonate  was  prepared 
"by  eddlag  3.6  g.  of  j-tolusneaulfonyl  chloride  with  cooling  to  a 
a olut ion  of  1,25  g*  °?  the  l,4«4iol  In  10  ml.  of  dry  pyridine.  The 
airture  was  allowed  to  stand  at  room  temperature  overnight , and  poured 
into  75  ml.  of  iced  3 S hydrochloric  acid.  The  product  sba  extracted 
vith  throe  75 -ml.  portions  of  ether,  which  wore  combined,  dried  over 
magnesium  sulfate,  end  concentrstec  under  reduced  pressure.  The 
colorless  liquid  residue  (3.66  g.  ) was  crystallized  from  methanol, 
and  yielded  2.83  g.  (72^)  of  the  dLi-toaylate  as  colorless  needles, 
which  after  recrystallization  ftoan  methanol  melted  at  96.5-93.5° 

(dec.,  introduced  at  94"). 

Anal.  Calcd.  for  Ca^HgsQeSa : C,  53.38*  H,  6.24. 

Found*.  C,  58.47*  H,  6.27. 

*> 

1 , 4 -Cyc looctaned lo  1 Placet  ate  va3  prepared  by  heating 
2.61  g.  of  the  1,4-diol  and  2,5  5-  of  anhydrous  sodium  acetate  with 
6 si.  of  acetic  anhydride  at  50*  for  3 hours.  The  mixture  was  poured 
onto  ice,  neutralised  with  saturated  sc&ius  bicarbonate  solution, 
and  the  product  was  extracted  vlth  50  ml.  of  ether.  The  extract  was 
dried  over  magnesium  sulfate,  ccttcont  rated,  and  the  residue  was  dis- 
tilled in  a short  path  still  at  >.07  ass.  with  a heating  block  temps  ra- 

25 

ture  of  100"  j yield  4,08  g.  (93?)  f 1.4631. 

£ssl . Caled.  for  C:gSaoOo:  C,  63.13*  H,  8.85.  Found: 

c,  63.58*  a,  8.83. 
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A 3.73-g.  sample  of  the  dl acetate  was  pyrolyged  at 
500°  in  a slow  stream  of  nitrogen  by  introduction  over  a period  of 
1.5  hours  into  a vertically  mounted  tube  containing  a 50  x l.o-ca. 
heated  section  packed  with  glass  helices.  The  condensate  that  vas 
collected  in  a trap  cooled  with  Dry  Ice  vas  washed  with  sodium  bi- 
carbonate solution  am  extracted  with  pentane.  The  solution  use 
dried  over  sodiian  sulfate,  concentrated,  and  the  residua  was 
distilled  through  a semimicro  column,  yielding  1.46  g.  (8l$) 

n 25 

of  a mixture  of  eyelcoctadianaa,  bjj  1.4-395-1,4.930.  A fraction 
25 

with  Op  1.4922  was  analysed. 

Anal.  Calcd.  for  CcHia!  C,  38.81;  H,  11.19.  Pound: 

C,  89.11;  H,  11.23. 

Hydrogenation  of  & solution  of  0.520  g.  of  the  mixture 
of  dienes  in  7 ml.  of  acetic  acid  in  the  presence  of  o.l  g.  of  pre- 
reduced platinum  oxide  was  complete  in  3 hours  and  9~ff>  of  two  molar 

equivalents  of  hydrogen  was  absorbed.  The  product  was  isolated  by 

22 

a procedure  described  previously  and  amounted  to  0.491  g.  ( 91$) 

(22)  A.  C.  Cops  and  F.  A.  Eochstein,  This  Journal,  72,  2517  (1950). 

On 

of  cyclooctane,  b.p.  73-74°  (90mm.),  n^  1.4557,  m.p.  8=9.5° 

(indicating  9 &P  purity)  and  mixed  m.p.  with  an  authentic  sample,  9.5-10.4°. 

U 

The  sample  of  cyclooctans  vas  also  identified  by  its  infrared  & pact  rum. 
1,4-Cyciooctsnediona  was  obtained  by  heating  a mixture 
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of  7.2  g.  of  1,4-cyclooctanediol,  10. S g.  of  ^-beDgoquinoae , 1,0  g. 
of  aluminum  isopropoxi&e  and  2pC  ml.  of  toluene  under  reflux  for 
14  hours.  The  mixture  was  cooled,  filtered  to  separate  hydrequinona, 
concentrated,  and  the  residue  vaa  distilled  in  a short  path  still  at 
0.05  nsa.  with  a bath  temperature  of  60-175°.  The  distillate  was 
collected  in  a receiver  cooled  with  Dry  Ice,  and  fractionated  through 
a Bfeffllalero  column.  The  yield  of  l,4-cyclooctan@dione,  b.p.  75-75o° 

(1  m.),  was  1.08  g,  (15$).  The  diketona  gave  a negative  end  test 
with  ferric  chloride. 

Anal.  Calcd.  for  CeHiaQas  C,  63. H,  3.63.  Found: 

C,  68.82j  h,  8.94. 

The  1,4-cyclooctanedions  derived  from  the  1,4-diol  was 

characterised  by  conversion  into  the  known  semicarbasone  of  bicyclo 

23 

[3.3.0]-l(5)-octen°2  -one.  a 70 -mg.  sample  of  the  diketone  was  added 

(23)  A.  C.  Cepe  and  W.  R.  Schmitz,  ibid.,  72,  3059  (1950). 

tc  2$  aqueous  sodium  hydroxide,  and  allowed  to  stand  at  26°  for  8 hours. 
The  dark  mixture  was  extracted  with  three  20-ml.  portions  of  ether, 
and  the  extracts  were  concentrated , The  residue  was  treated  with  15  ml. 
of  1C$  hydrochloric  acid  for  1 hour  et  room  temperature  and  3 hours 
at  70* . The  mixture  was  neutralised  with  sodium  bicarbonate  and  steam 
distilled.  To  the  distillate  (2C0  ml.)  was  added  0.1  g.  of  samicarbasi.de 
hydrochloride  and  0.15  g.  of  sodium  acetate  trihydrate.  The  mixture  was 
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heated  on  s,  steam  bath  for  20  minutes  and  cooled  to  0*  overnight  and  the 
crystalline  bicyelo[3.3*0]-l(5)-octcn-2-ons  ssmicar'ba&ono  was  separated 
and  raery stall! sed  from  aquooua  ethanol j a.p.  and  mixed  m.p.  tlth  an 

authentic  sample,  237-238.5*  (dec.}.  Infrared  spectra  of  Ifujol  mulls 
of  the  two  semicarbaeone  samples  were  identical  within  experimental 
error. 

A 14-0-mg.  sample  of  1,4-cyclooetanfidione  was  treated  with 
0.3  ml.  of  concentrated  sulfuric  acid  at  0°  for  1 hour  and  70°  for 
20  minutes,  after  which  the  mixture  was  neutralised,  steam  distilled, 
and  bicyclo[3.3.0]-l{5)-octen-2-on©  seaicsrbaaona  was  isolated  from  the 
distillate  (20  ml.)  by  the  procedure  described  above  in  a yield  of 
87  mg.  (U8£). 
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